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Overarching Goal

• To better understand how COTs videogames 
can be leveraged for cognitive skills 
development!

• Explore and validate design assumptions about 
specific games


• Understand the cognitive and knowledge requirements 
to successfully play an immersive puzzle logic game
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Background

• Prior research used Portal 2 as an intervention for 
enhancing cognitive adaptability (CA)!

• Specific features were determined that was 
hypothesized would enhance CA!

• Portal 2 was chosen based on a feature analysis 
including genre type, observed features, and player 
interviews!

• Empirical validation of CA design features did not occur!

• To validate if, where, how CA  features occurred within 
the game, it was decided to use a cognitive task 
analysis
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Cognitive Task Analysis (CTA)!

• Technique to capture and model behavioral and 
cognitive processes/activities for accomplishing a task 
at expert-level!

• decision-making processes 

• recognizing and responding to critical cues/environmental 

conditions 

• utilizing tools 

• performing sub-tasks 

• analyzing and altering one’s own performance


• Commonly used by industry and research professionals!
• Human computer interaction, instructional system design

• Developing :


• Intelligent/Cognitive Tutors

• Decision Support Systems


• Roots in cognitive science



Applying CTA to Video Games

• Need to understand empirically:!
• Design of game

• How game design interacts with player cognition


• Using CTA to map and model cognition and 
interaction within video game play is novel to 
the literature. !

• Researching methods for applying CTA to video 
game analysis
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Lens of Analysis

• Adaptability!
• Ability to use existing knowledge to create innovative 

problem solutions; repeatedly trying new/different 
strategies while reflecting on actions and incorporating 
feedback


• Identified by U.S. DoD, DoL, DoEd as an important 
metacompetency


• Scale of macro to micro

• Macro: adaptive stance, operational adaptability 

• Mid: individual adaptive behavior

• Micro: micro-momentary cognitive processes, i.e., cognitive 

adaptability
6



7

Lens of Analysis

• Cognitive Adaptability!
• Micro (cognitive) Level

• Components


• Cognitive Openness/Creativity

• Focused Attention

• Cognitive Flexibility/

Metacognition

• Critical Thinking & Problem-

Solving



• Unstated/Implicit Rules 
• Unstated/Implicit Shifting of 

Rule Sets 
• Dynamic Shifting 

Environments 
• Open-Ended Gameplay 
• Implicit Reinforcement for 

Individual Actions/ Choices 
to Achieve Final Goal

8

Lens of Analysis
5 Features for 
CA



Research Goals

• Develop protocol for performing cognitive task 
analysis on expert video gameplay!

• Pinpoint how and where design tenets for 
cognitive adaptability are applied in Portal 2 and 
what types of decision-making and cognitive 
processing occurs as a result!

• Map progression of cognitive load through 
gameplay of Portal 2
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Protocol: CTA & Video Games

Part I: Preliminary Analysis/Lexicon Development!
• Establish vocabulary of game (names for features, 

tools, obstacles, etc)

• Game structure analysis: break game down into 

measurable units based on narrative structure

10
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Protocol: CTA & Video Games

Part 2: Focused Knowledge Elicitation!
• Level-by-level:


• Please play through this level, completing the necessary steps to achieve the final 
objective. As you do, try to speak aloud as much as possible, narrating both your 
thought process (including what decisions you are making and what options you 
are considering) and the sequences of actions you take as you take them. As you 
play, please survey the areas you are in and describe your expectations in terms of 
how you will have to interact with the room in order to achieve your objective. 


• Gameplay recorded on FRAPS with audio plus 
simultaneous .wav file recordings.
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Protocol: CTA and Video Games

Part 2: Focused Knowledge Elicitation!
• Subject and researcher review FRAPS gameplay for 

the following information about each level:

• Affordances


• Requisite Knowledge


• Micro-Puzzles Present


• Mechanical Steps Required


• Cognitive Steps Required


• Audio and Visual Cues

13
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Example FRAPS: Ch. 1, Level 3
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Protocol: CTA and Video Games

Part 2: Focused Knowledge Elicitation!
• Reviewing FRAPS gameplay a second time, identify 

presence or absence of design characteristics in 
question

16





Preliminary Results
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Preliminary Results
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Environmental Changes
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Preliminary Results
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Reinforcement for Actions/Decisions
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Preliminary Results
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Instance of Open- 
Endedness
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Preliminary Results
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Audio & Visual Cues
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Progress to Date

• Protocol developed for CTA on video gameplay 
that encompasses cognitive, mechanical, and 
design elements !

• Analysis shows modulating but persistent 
presence of all five cognitive adaptability 
design characteristics throughout Portal 2!

• Indication of varying information processing/
filtering and executive function requirements 
throughout game
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Future Analysis

• Collect full data set on all levels!
• Mapping the transition of micro-puzzles to tool 

sets/prerequisite knowledge!
• Mapping the cognitive load evolution 

throughout game!
• Critical path analysis!
• Validate A/V cue level of relevance with subjects
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